. Introduction
Much work has been carried out on the response of a two-dimensional imcompressible laminar boundary layer on a semi-infinite flat plate to time-harmonic oscillatory perturbations (particularly those of infinite wavelength in the streamwise direction) of the freestream. Most of the effort has been involved with small amplitude perturbations; included in this category are the works of Lighthill ( 1 9 5 4 ) , L a m and Rott ( 1 9 6 0 ) and Ackerberg and Phillips ( 1 9 7 2 ) . Close to the leading edge, the flow is of Blasius type, whilst far downstream the boundary layer takes on a double structure, comprising an inner Stokes-type layer, and an outer Blasius-type layer.
Numerical investigations to this small amplitude problem, describing the flow from the leading edge, to far downstream have been conducted by Ackerberg and Phillips (1970) and Goldstein et a1 (1983) . Some details o f the far downstream behaviour of this problem have in the past been the subject of some controversy. At large distances downstream of the leading edge, a set of eigensolutions must exist, which decay exponentially fast downstream in the streamwise direction (this reflects the effect of the particular conditions prevailing upstream). One set of eigensolutions found by Lam and Rott (1960) and by Ackerberg and Phillips ( 1 9 7 2 ) is determined by conditions close to the wall, and has decay rates that decrease as the eigenvalue increases. A second set of eigensolutions has been found by Brown and Stewartson (1973a,b) , and these are determined primarily by conditions at the outer edge of the boundary layer, and are characterised by a decay rate that j -s with increasing order.
Some discussion of this apparent discrepency is to be found in Coldstein et al.(1983) .
Further downstream still, Goldstein (1983) showed hop, the eigensolutions o f Lam and Rott (1960) , which initially decay, develop into the classical, high Reynolds number limit for Tollmien-Schlichting modes (including the unstable mode) for Blasius-type boundary layers.
Although the Lam and Rott (1960) eigensolutions decay downstream, they also oscillate with increasingly rapid (spatial) frequency, and far downstream, transverse and streamwise gradients must become comparable, giving rise to an entirely new structure, in which transverse pressure gradients play a key role.
Returning to the boundary layer problem, non-small oscillations of the freestream (but still limited to non-reversing freestreams) have been tackled by Moore (1951 Moore ( ), (1957 and Pedley (1972) for regions close to the leading edge of the plate, and i t is again found that the flow is Blasius like. Lin (1956) , Gibson (1957) and Pedley (1972) studied the far downstream region, and found the flow takes on a double structure similar to that observed in the analogous small amplitude case. Duck (1989) has presented numerical results which extend from the leading edge, to far downstream, in this case. A11 these aforementioned papers were concerned with purely temporal flow oscillations (i.e. oscillations of infinite streamwise wavelength).
The effect o f a small amplitude progressive wave on an incompressible boundary layer has been investigated by Kestin, Maeder and Wang (1961) and Patel (1975) . The former authors considered the low frequency limit to the problem, for the very particular case when the wavespeed equalled the mean far field velocity. Patel (1975) gave results f o r both high and low frequency, the latter being obtained using an empirical momentum integral appraoch. A number of experimental results were also presented, and compared with theory.
In this paper we consider the effect of a two-dimensional small amplitude progressive wave in a supersonic freestream, on a laminar boundary layer on a flat plate. Here the situation is rather different to the incompressible case in a number of respects. Although eigenfunctions similar to those of Lam and Rott (1960) undoubtedly exist, these are not expected t o develop into growing Tollmien-Schlichting waves (at least not in the case of two-dimensional flows -see Ryzhov and Zhuk 1980 and Duck 1985) . Although planar Tollmien-Schlichting waves are present downstream, these all decay and S O are of little consequence. In this paper, as well as presenting results for the boundary layer region, we go on to consider the development of the flow far downstream, which turns out to be predominantly inviscid. A further difference found is that in the case of these supersonic flows (unlike incompressible flows) if the progressive wave is to satisfy the appropriate governing equations in the farfield, the spatial and temporal wavelengths are linked. ( A somewhat related study, of a forced flow but at finite Reynolds numbers has been made by Mack 1975) .
The layout of the paper is as follows: in Section 2 we consider the "fore region" in which the flow close to the plate is governed by a form of the compressible boundary layer equations. We look. at the downstream limit of this zone, and then in Section 3 we consider the downstream region, wherein transverse variations of pressure become important ; the regions studied separately in Sections 2 and 3 are seen t o match (in an asymptotic sense).
In Section 4 we show how results from the previous two sections correctly match, and finally in section 5 we present a few conclusions. 
Equation (2.14b) also satisfies the normal flow condition, although the no-slip condition is violated by (2.14a), since ul(y*-o) = -2 2 * exp( ia*(x*-c*t*) 1 . 
The slip velocity is reduced to zero, in the usual way, by the inclusion of a thin boundary layer. The boundary layer approximation reduces the governing equations to (Stewartson 1964) These equations can be simplified by the use of a generalisation of the Howarth-Dorodnitsyn transformation, suggested by Stewartson (1951) and Moore ( 1 9 5 1 ) .
We write Our primary concern here will be with the momentum equation ( 2 . 4 1 ) (although a similar treatment may be carried out on ( 2 . 4 2 ) ) .
We already have ( 2 . 3 5 ) -( 2 . 3 7 )
, and now we write * f -l a * * * coordinate, where
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( 2 . 5 1 ) 
This is most

CY*-^) is much shorter than the
We choose to make the following non-dimensionalisations a = a.*6". We then expect the solution to develop as follows
with E -e
I (3.5)
and where u(y), p ( y ) and T(y) denote the mean flow speed, density density and temperature respectively.
The governing equations are then found to be (Lees and Lin 1 9 4 6 )
-ir
After some simple manipulation (following Lees and Lin 1 9 4 6 ) ,
we arrive at the following equation for p , The primary result which is clearly visible from these computations is that 6 + -1 as CY + 0. This indicates a correct match with the results of the previous section in the upstream limit (a + 0 , here, may be interpreted as the upstream limit), in particular with (2.15).
T h i s match will be studied in full in the following section.
Lastly, i t is also clear that as a + Q (downstream limit), 6 + 0 .
In the following section we sumarise the conclusions of this work. where r -(qc-v)x l/3 -0(1) inside the critical layer. In this paper the effect of a small amplitude progressive wave on the laminar boundary layer on a semi-infinite flat plate, due to a uniform supersonic freestream flow, is considered. The perturbation to the flow divides into two streamwise zones. In the first, relatively close to the leading edge of the plate, on a transverse scale comparable to the boundary layer thickness, the perturbation flow is described by a form of the unsteady linearized compressible boundary layer equations. In the freestream, this component of flow is governed by the wave equation, the solution of which provides the outer velocity conditions for the boundary layer. This system is solved numerically, and also the asymptotic structure in the far downstream limit is studied. This reveals a breakdown and a subsequent second streamwise zone, where the flow disturbance is predominantly inviscid. The tuo mnes are shown to match in a proper asymptotic sense. 
